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ABSTRACT  
 
The purpose of this research was to study the effect of different level of protein addition in goat ration on feed addition in the ration on feed 
intake and physiological responses of Saburai goats (rectal temperature, respiratory rate, and heart rate). Twenty male Saburai goats were 
randomly divided into 4 treatments group with 5 goats each. Goats in group 1 (PO) were fed with forage, while goats in group 2 (P1), 3 (P2), and 
4 (P3) were fed with forage + concentratre with 13%, 16%, and 19% crude protein, respectively. The treatments were P0= feeding forage, P1= 
feeding forage + concentrate with 13% crude protein (CP), P2= feeding forage + concentrate with 16% CP, and P3 feeding forage + concentrate 
with 19% CP. The results showed that the rectal temperature and heart rate did not significantly affected (P>0.05) in all treatment, however the 
heart rate was significantly (P<0.05) affected among the treatments. The conclusion is the addition of different protein level in the ration has no 
effect on rectal temperature and respiratory rate, but significantly increases the heart rate frequency. 
____________________________________________________________________________________________________________________ 
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ABSTRAK 
 
Tujuan penelitian ini adalah mengetahui pengaruh pemberian konsentrat dalam ransum terhadap konsumsi pakan dan respons fisiologis 
kambing  (suhu rektal, frekuensi pernafasan, dan denyut jantung,) pada kambing Saburai. Sebanyak 20 ekor kambing Saburai jantan digunakan 
dalam penelitian ini. Penelitian menggunakan rancangan   kelompok teracak lengkap (RKTL) 4x5. Perlakuan terdiri atas P0 (pemberian pakan 
hijauan), P1 (pemberian pakan hijauan+konsentrat dengan protein kasar, PK 13%), P2 (pemberian pakan hijauan+konsentrat dengan PK 
16%), dan P3 (pemberian pakan hijauan+konsentrat dengan PK 19%). Hasil penelitian menunjukkan perlakuan P0, P1, P2, dan P3 tidak 
berpengaruh nyata terhadap suhu rektal dan frekuensi pernafasan (P>0,05), akan tetapi berpengaruh nyata terhadap denyut jantung (P<0,05). 
Dari hasil penelitian disimpulkan bahwa penambahan level protein pada ransum tidak berpengaruh pada suhu rektal dan frekuensi pernafasan, 
namun berpengaruh nyata terhadap peningkatan  frekuensi denyut jantung. 
____________________________________________________________________________________________________________________ 
Kata kunci: konsumsi pakan, respons fisiologis, kambing Saburai 
 
 
INTRODUCTION 
 
The main problem of livestock reared in the humid 
tropics, such as Indonesia, is the high direct exposure 
of solar radiation throughout the year, resulting in 
uncomfortable conditions because of the excessive heat 
load, especially for high-producing livestock. In 
response to these conditions, livestock then are forced 
to increase their thermoregulatory activity in order to 
cope with the high heat load. Purwanto et al. (1995) 
stated that when the radiation intensity is in its 
maximum level, the animal thermoregulation activity 
will also reach its maximum point. In addition, the high 
intensity of solar radiation will lead to the increase of 
ambient temperature, including the temperature inside 
the livestock enclosure. 
Excess body heat load will force livestock to 
maintain constant body temperature through 
behavioral, physiological, and hormonal changes. A 
decrease in feed intake is one sign of livestock 
experiencing excessive heat load or heat stress. The 
physiological mechanisms require the energy allocated 
for production and reproductive performance to be used 
to maintain body heat balance. Thus, it will have a 
negative impact, which is a decrease in productivity of 
livestock. In male animals, heat stress affects almost all 
body systems. Heat stress can reduce the level of 
libido, sperm production, sperm motility, and increase 
the proportion of abnormal sperm in the ejaculate 
(Perez-Crespo et al., 2008). In female animals, it can 
reduce fertility, conception rate, and embryo survival 
(Sakatani et al., 2004). The livestock production and 
reproduction appearance will be expressed optimally in 
accordance to the genetic capability if supported by 
environmental factors. 
Among the environmental factors that greatly affect 
the productivity of livestock is the climate and feeding. 
Wet tropical climate in Indonesia caused goat herds to 
experience excessive body heat load throughout his life 
due to the high air temperature and solar radiation 
intensity. The livestock body heat derived not only 
from fermentation processes in the rumen and 
metabolic processes in the body, but also from the heat 
in the environment (heat gain). The amount of heat load 
due to air temperature and solar radiation is 
exacerbated by the relatively high humidity in 
Indonesia that can hinder the process of body heat 
expenditure through evaporation. Heat stress is forcing 
livestock to activate the thermoregulation mechanism, 
such as increasing rectal temperature, heart rate, and 
respiration, as well as decreasing feed consumption 
(Purwanto et al., 1996). Moreover, in conditions of heat 
stress, transfer function of metabolized energy from the 
feed will occur, to be used for the body 
thermoregulation process, which is originally for 
growth or production. Thus, the physiological changes 
and nutritional status of livestock due to heat stress will 
impact the livestock productivity. 
Some researchers report that cow heat production in 
a control diet is increased by 10-15% at a temperature 
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of 26°
 
C and 32° C than at a temperature of 18° C 
(Shibata and Mukai, 1982). Moreover, in hot 
temperatures (32°
 
C) energy requirements for 
maintenance metabolism is also increased by 15% 
compared to the temperature of 26° C (Kurihara et al., 
1990). This makes the foundation to increase the 
proportion of concentrate in livestock diet in order to 
cope with a decrease in feed intake and increased 
metabolic energy requirements on a hot environment. 
Concentrate is a ration that is easy to digest or has low 
crude fiber content, energy-dense, and has favorable 
taste for livestock. 
Information on the increase of concentrate rations for 
manipulating heat stress nowadays is mostly done in 
cows and carried on in a climate controlled room 
(chamber). Meanwhile, the increase of concentrate 
proportion in the diet of goats to cope with heat stress is 
not widely available, especially those carried out on the 
maintenance system in the natural hot environments. 
Therefore, it is important to conduct a study on the use 
of concentrates with different protein levels different 
proteins in goats that reared in natural hot environments. 
Goats consistently demonstrated better adaptive 
ability than other ruminant livestock in harsh 
environments (Shkolnik and Silanikove, 1981). 
According to Shkolnik et al. (1972), goat adaptability 
to cope with heat stress was due to the higher ability of 
water conservation, higher degree of sweat production, 
higher respiration rate, higher skin temperature, lower 
basal metabolic rate, and constant heart rate and cardiac 
output (Shkolnik et al., 1972). In addition, Silanikove 
(2000) states that goat characteristics  that help to cope 
with the harsh environmental conditions were small 
body size small body size, low metabolism need, the 
ability to reduce metabolism, highly efficient utilization 
of forage, the ability to save the need for nitrogen, and 
efficient water use. 
Through the Minister of Agriculture Decree No. 
359/Kpts/PK.040/6/2015 dated June 8
th
 2015, Saburai 
goat is stated as one of goat mostly kept by farmers in 
Tanggamus. Saburai goats have been established as one 
of the Indonesian germplasm population needed to be 
maintained, improved, and developed so that it can 
provide many benefits to the farmers and also as an 
effort to meet the needs of meat, both local and national 
consumption levels. Saburai goats have several 
advantage such as easy maintenance, high adaptability 
to a various environmental condition, and high growth 
rates (Adhianto et al., 2015; Adhianto et al., 2016). 
This study aims to determine the effect of protein level 
addition in Saburai goat diet on the feed intake and 
physiological responses (rectal temperature, heart rate, 
and respiratory rate) of Saburai goat.  
 
MATERIALS AND METHODS 
  
The research was conducted in the village of 
Campang, Gisting, Tanggamus. Proximate analysis was 
carried out in the Laboratory of Animal Husbandry. 
Twenty Saburai goats used in this study were of the age 
5-6 months with a weight of 18.25±6.13 kg. 
Maintenance and feeding during research were done in 
cage stage, which is divided into individual cages plots 
of 150 cm x 90 cm equipped with a feed and water. 
Rations used in this study were composed of basal feed 
forage and concentrates as source of protein, with 
protein contents of 13%, 16%, and 19%.  
The design used was a complete randomized group; 
the goats were divided into four treatment groups, each 
consisted of five goats (complete randomized groups of 
4x5). The treatment consisted of P0 (feeding forage), 
P1 (feeding forage + concentrate with crude protein, 
CP 13%), P2 (feeding forage + concentrate with CP 
16%), and P3 (feeding forage + concentrate with CP 
19%). Feeding was based on a calculation of 3.5% of 
body weight in the form of dry material consisted of 
60% basal feed and 40% concentrates. Concentrates 
were given first, followed by feeding forage, both were 
fed ad libitum. Feeding was done twice a day, morning 
and afternoon. During feeding trial maintenance period, 
samples were taken from feed and total collections 
were made in the last seven days of the maintenance 
period to obtain consumption and physiological 
responses data.  
 
Observed Variables 
Variables observed consisted of consumption, the 
amount of nutrients digested, climate and physiological 
factors. Digested nutrients substances include dry 
matter and organic matter. The observed climate factors 
include air temperature and relative humidity (RH) in 
the cage. Physiological components measured were 
rectal temperature, respiratory rate, and heart rate. 
Observations of temperature, humidity, and 
physiological responses were done every day during 
the retrieval of data at 07:00, 08:00, 09:00, 10:00, 
11:00 and 13:00, 14:00, 15:00, 16:00, 17:00 using 
environmental thermometer and hygrometer. 
 
Data Analysis 
Analysis of variance or co-variance carried out in 
accordance with the experimental design of complete 
randomized group model design, and means 
comparison was carried out using Duncan multiple 
range test (DMRT) (Steel and Torrie, 1980). 
  
RESULTS AND DISCUSSION 
 
Micro Climatic Conditions 
The average of environment temperature and 
humidity during research were studies were 25.41° C 
and 68.75% respectively, and such temperature 
conditions are still comfortable for livestock. Smith and 
Mangkuwidjojo (1988), states that a comfortable 
environment for the goats is between 18°
 
C and 30°
 
C. 
However, the ambient temperature in this study was 
relatively is relatively high in the normal range. In 
tropical and subtropical areas, high ambient temperatures 
are a major obstacle in improving livestock production 
(Marai et al., 2007; Nardone et al., 2010). 
High ambient temperature is a major problem in 
tropical areas, where in the evening the ambient 
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temperatures was drastically low. This condition 
requires livestock ability to maintain power, heat, 
water, hormonal, and mineral balance. Temperature 
determines metabolic rate, heart rate, and other 
important factors in the body of livestock, so extreme 
temperature changes can easily affect the animal body. 
The high temperature effect was exacerbated when heat 
stress is accompanied by a high humidity environment 
(Silanikove, 1992). 
Average consumption in the Saburai goats from 
different treatment groups were not significantly 
different (P>0.05) (Table 1). Addition of concentrate in 
groups P1, P2, and P3 did not necessarily increase the 
feed consumption the consumption of dry matter (DM). 
This is because the provision of forage is not limited in 
all treatments so that the male goat Saburai maximally 
expected to consume the feed. Average consumption 
(Table 1) CP in the treatment group P1, P2, and P3 
with additional concentrate was highly significant 
(P<0.01) than the group P0, while the average 
consumption of CP between treatment groups who 
received additional concentrate was not significantly 
different. However, along with the increasing content 
of CP on feed P1, P2, and P3 there was an increased CP 
consumption tendency patterns in P1, P2, and P3. In 
general, the addition of concentrate in the treatment 
group is seen to improve the consumption of CP, 
although no effect was seen on DM consumption. 
Crude fiber (CF) consumption and true digestible 
nutrient (TDN) in this study were not significantly 
different among all treatment group P0, P1, P2, and P3 
(P>0.05). This condition showed that the ability of each 
treatment in utilizing the feed was relatively the same. 
The ambient temperature was still in the normal 
range of 15-29° C and did not influence the 
consumption and growth performance. Side effects 
could occur if the ambient temperature reach over 30°
 
C, such as decrease in feed intake, body weight, 
carcass, fat thickness, and increase the incidence of 
disease (Mitlohner et al., 2001; Nordone et al., 2006), 
buffalo could even reduce its consumption by 40-60% 
(Morand-Feher and Doreau, 2001). 
Respiration rate, pulse rate, and rectal temperature 
are parameter that describes the physiological 
adaptation mechanism. Some researchers study the 
mechanisms of physiological adaptation such as rectal 
temperature, pulse, and respiration rate of the small 
ruminants (Phulia et al., 2010, Sharma et al., 2013). 
Livestock may experience stress caused by restraint 
when handling livestock, being in a new environment, 
or physical stress such as hunger, thirst, fatigue, injury 
or extreme heat (Dantzer and Mormede, 1983). The 
approach in this field is hampered by the lack of 
suitable psychological criteria for assessing the long-
term adaptive changes. Stress as described by Moberg 
(2000) including changes in hormone secretion, leading 
to changes in metabolism, immunity, behavior, and 
reproductive failure. Conditions of prolonged stress can 
lead to loss of productivity and death of livestock. 
Identification of strategies need to be conducted to 
determine the stress and the level of comfort 
appropriate to the livestock, so a maintenance 
management that can reduce stress of livestock could 
be developed, which in turn will increase animal 
comfort and performance level. Larry (2012) stated that 
physiological stress measurements depend on the 
interaction of many systems. Some of the stress 
responses can be measured with the function of major 
systems involved, for example high temperatures will 
increase the rate of respiration, induce sweating, and 
increase body temperature. 
The average of goats physiological responses during 
the study are presented in Table 2. From Table 2 we 
can concluded that the rectal temperature in all 
treatments were not different, with a range between 
38.24°
  
C and 38.28°
 
C. This result suggested that the 
goats in all treatments could maintain body temperature 
within the normal range. According to Adisuwiryo et 
al. (2001), a goat body temperature ranges between 
38.0°
 
C and 39.9°
 
C with a mean temperature of 38.7°
 
C. They maintain normal body temperature via 
thermoregulation mechanism, which may be indicated 
by increased heart rate and respiration (Alamer 2006; 
Mengistu et al., 2007). Body temperature is a good way 
of measuring heat tolerance in animals, since it is 
yielded from all of the gain and loss of body heat. 
Rectal temperature is regarded as a good index to 
describe the body temperature even though there is 
Table 1. Mean consumption of dry matter, crude protein, crude fiber, and true digestible nutrient 
Consumption (g/kg bw) 
Treatment group 
P0 P1 P2 P3 
Dry Matterns 91.37±0.14 90.93±0.18 90.49±0.16 92.52±0.26 
Crude Protein 9.21±0.014a 21.94±0.06b 24.63±0.04b 28.66±0.08b 
Crude Fiberns 16.39±0.03 16.98±0.03 16.80±0.03 17.03±0.05 
TDNns 51.79±0.08 48.95±0.10 49.91±0.08 51.46±0.16 
* TDN= true digestible nutrient was calculated using formula from Hartadi et al. (1997) 
a,bDifferent superscripts within the same row indicates significant difference (P<0.01) 
 
Table 2. Mean heart rate frequency, respiratory frequency, and rectal temperature of studied goats 
Variables 
Treatment groups 
P0 P1 P2 P3 
Rectal temperatures ( C) 37.63 37.57 37.55 37.51 
Respiratory frequency 
(times/minute) 
26.87 26.8 26.81 27.05 
Heart rate (times/minute) 84.59a 88.06b 89.49b 89.49b 
a,b
Different superscripts within the same row indicates significant difference (P<0.05) 
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considerable variation in different parts of the core of 
the body at different times (Otoikhian et al., 2009). 
Rectal temperature in goats was higher at high ambient 
temperatures in some studies (Devendra, 1987; Marai 
et al., 2007). 
According to Triakoso (2011) normal temperature 
range of goat is 38.6°
 
C to 40.2° C with an average of 
39.4°
 
C. Although the difference was 1.2°
 
C below 
normal temperature range, it indicated that the genetic 
influence and the environment had an impact on rectal 
temperature. As we know that the heat balance of the 
body can be affected by the body internal and external 
conditions. Internal conditions include the 
physiological processes in the body such as metabolic 
processes of feed. In this study, the addition of the level 
of protein in the ration did not have a significant impact 
on Saburai goat rectal temperature changes. 
  
Respiratory Frequency 
The mean respiratory frequency in the experimental 
goats ranged between 26.80 and 27.05 times per minute 
(Table 2). Respiratory frequency did not differ (P> 
0.05) among all treatments. The results of this study 
were still within the range of normal respiratory rate 
goat of 20-30 times per minute (Triakoso, 2011). These 
responses indicated that although the result was not 
different among all treatments, the goats had activated 
the thermoregulation system of the body to maintain 
body temperature to remain constant, with heat 
expenditure through breathing. 
Judging from the ambient comfortable temperature 
range, the termoregulation activation was not needed. 
However, the activation of thermoregulation 
mechanism that happened through the increased 
respiratory frequency was thought to be caused by the 
higher proportion of forage in all treatments. A large 
proportion of forage caused more production of goat 
body heat/heat increment thereby increasing the heat 
load of the body and must be removed. The releases of 
body heat out of the body was mostly done by 
removing heat from the internal organs to the outer 
parts of the organ primarily sweat glands in the skin 
and mucous glands along the respiratory tract. Extra 
treatment of protein addition in the ration did not make 
the goat physiologically in a state of stress. The 
situation illustrated that the process of exchange 
between the inhaled oxygen from outside the body and 
carbon dioxide exhaled was still in a balance state. To 
process this exchanges, respiratory system alongside 
with blood system work to meet this goals, which is for 
the lungs to transfer oxygen into the bloodstream to be 
carried into the cell and exchanged with carbon 
dioxide, out of the blood into the lungs to the the gas 
exit (Mushawwir, 2010). Changes in metabolism and 
muscle activity of goats were also affecting the heart 
and respiration rate. Heat loss through respiration is 
highest compared to other mechanism (Devendra, 
1987; Kumar et al., 2011). 
Mean heart rate of experimental goats ranged 
between 84.56 and 89.49 times per minute (Table 2). 
Heart rate in all treatment groups were still in the 
normal range, which is 70-90 times per minute 
(Dawson et al., 2011). Although still within the normal 
range, the goat heart rates were approaching the upper 
limit. This showed that in all treatment groups the 
release of body heat to the environment still happened. 
However, in the treatment P0, the heart rate was 
significantly faster than the P1, P2, and P3 (P<0.05). 
Several factors that affect the heart rate are body 
size, species, sex, age, physical condition, exercise, 
pregnancy, lactation, and the process of rumination 
(Frandson, 1992). Furthermore, increase in heart rate 
was also influenced by the consumption and quality of 
feed. Increased heart rate in this study is probably 
caused by increased activity of food ingestion. 
Moreover, an increase in heart rate served to draw 
blood to the surface of the skin so that the balance of 
body heat is maintained (Isroli et al., 2004; Ocak et al., 
2009; Bernabucci et al., 2010). 
Increased heart rate and pulse rate were attributed to 
two causes, the increase in muscle activity to control 
the rate of respiration in conjunction with a high 
respiration rate, and resistance reduction of peripheral 
vascular and arteriovenous anastomoses. Increased 
heart rate would increase blood flow from the core to 
the surface as a result of a lot of heat loss (due to 
conduction, convection, radiation, and by the diffusion 
of water from the skin) (Maurya et al., 2004; Marai et 
al., 2007). 
   
CONCLUSION 
 
Based on the results and discussion, it could be 
concluded that the addition of protein levels in diets 
had no significant effect on rectal temperature and 
respiratory rate, but had significant effect on the 
increase in heart rate. 
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